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Basie Instrumentation 


PROGRAM of research and development in 
basic instrumentation is now in its fourth year 
at the National Bureau of Standards. Under the 
general direction of W. A. Wildhack, Chief of the 
NBS Office of Basie Instrumentation, new applica- 
tions of physical prince iples are being evaluated and 
applied to problems in measurement and control. 
Theoretical analyses are also conducted in various 
phases of instrumentation, and critical surveys are 
made of available instruments and techniques for 
types of measurement that are becoming increasingly 
important. 

The NBS Office of Basie Instrumentation was 
established in 1950 to serve as a research, reference, 
and consultation center on problems of instrumenta- 
tion for the laboratories of government and industry. 
Its program is sponsored by the Office of Naval 
Research, the Air Research and Deve lopment Com- 
mand, the Atomic [nergy Commission. and the 
National Bureau of Standards. While this program 
constitutes only a relatively small part of NBS 
activities, it represents an effort to utilize the 
Bureau’s facilities and experience in the field of 
physical measurements to advance those techniques 
of measurement and control that are fundamental 
to progress in science and industrial technology. 

Improved instruments for measuring basic phys- 
ical magnitudes are vital to advances in the slirihe al 
sciences and their applications. Yet until recently 
the problem of designing instruments to measure 
different quantities and for use under different condi- 
tions has been largely left to the individual scientist 
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cal field. 
ung to be more and more widely 
recognized that the proble ms met with in designing 
various kinds of scientific instruments have much in 
common and that the designer of an instrument for 
a specific purpose can often benefit from the experi- 
ence gained by others with instruments built for 
quite unrelate d purposes. In an effort to realize the 
advantages that would accrue from coordinated 
planning of research on instrumentation as a science 
in itself. the NBS Office of Basic Instrumentation 
was established. Under such a program, it has been 
possible to take adv antage of ideas and developments 
originating in various technical fields that have a 
bearing on basic instrumentation problems. 

The technical work of the Office of Basic Instru- 
mentation has two principal objectives: (1) syvs- 
tematic analysis of available methods and de vices in 
terms of their performance and characteristics. and 
2) research on new applications of principles and 
materials leading to the development of instruments 
and techniques not now available. This program is 
carried out largely through the assignment of instru- 
mentation research projects to those NBS labora- 
tories that are best qualified to conduct research in 
the particular field of science involved. However, 
the Office of Basie Instrumentation also maimtains a 
small laboratory staff of its own for investigation of 
special problems and a group of specialists in instru- 
mentation literature who are developing a reference 
and consultation service to aid in the solution of in- 
strumentation problems. 


or engineer 
llowever, it is 
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Schematic diagram (left) illustrates the principle of the mutual-inductance micrometer (right). 
the micrometer employs two coils, a primary and a secondary. 
current into the secondary, and the amount of this current varies with the distance of the secondary from a con- 


ductive shield. The thickness of a nonconductive 


thus be measured. 

The various projects included in the technical 
program may be classified into four groups: 

1) Critical surveys of available instruments 
or techniques for certain types of measurement 
that are taking on increased importance. 

(2) Projects for the theoretical or experi- 
mental evaluation of new applications of phys- 
ical principles to general problems in measure- 
ment and control. Normally such projects are 
limited to a basic exploration of probable fruit- 
ful applications and do not involve development 
of specific instruments incorporating — such 
applications. 

3) Projects for the new application of phys- 
ical principles to specific problems in measure- 
ment and control. 

1) Projects for theoretical analysis and de- 
velopment m various fields of measurement, 
control. or handling of measurement data. 

In the earlier phases of the program. experimental 
projects of the types deseribed under (2) and (3) 
predominated. largely technical personne! 
particularly suited for a number of such projects were 
available. Llowever. as the program proceeded, i 
has been possible to place additional emphasis on 
projects under (1) and (4 In particular, survey 
proje ets have been initiated in a number of important 
areas. 


because 


Surveys 


The critical surveys of 


instrumeats are 


various general types of 
assist the engineer or 
scientists in making the proper selection of existing 
ty pes of instruments for new ap plications as they 


designed to 


arise or to aid him in combining various elements of 


known characteristics in the 
ments. 


instru- 
information 
planning of more specific instru- 
this kind now in 


design of new 
Such surveys also provide the 
needed for adequate 
mentation projects. Surveys of 
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This model of 
Alternating current fed into the primary induces 


medium between the secondary coil and a metal surface can 


progress include studies of millimicrosecond oscil- 
lography, dynamic pressure instrumentation, strain - 
gage recorders, voltage-sensitive devices. and analog. 
to-digital converters. 

Large fluctuations in fluid pressure, often occurring 
at high frequencies, present an important problem 
in the design and operation of jet aircraft, rocke “ts, 
and chemical plants. Recent needs. particularly i 
aeronautic and ordnance research, for making ie. 
namic fluid- -pressure measurements have indicated 
the practical necessity of a survey in this field. It 
is believed that an up-to-date compilation of signifi- 
cant techniques will be of great value to all workers 
faced with such problems. Thus far a bibliography 
of about 250 books, articles, and reports of various 
Government research laboratories. covering the 
period from 1920 to the present, has been assembled, 
and a broad outline has been prepared to guide an 
investigation of the literature. The present bibli- 
ography is to be extended. and individual articles 
are to be reviewed and summarized. The manu- 
facturers’ literature will also be reviewed, and some 
attempt will be made to evaluate instrument. per- 
formance where data are available. 

The survey of millimicrosecond ose illography has 
also progre ‘ssed. Recent deve lopme nts in radar. tele- 
Vision. atomic physics. telemetering and other fields 
have greatly increased the need for ose illographic 
measurements in the time range below one micro- 
second, As a result, newer and faster oscillographs 
are being developed. Such instruments will also find 
applications in the study of electrical, breakdown 
under steeply rising voltage 
growing importance in insulation testing. A survey 
in this field is expected to be useful aot only in the 
planning of new research but also for guidance in 
instrumentation problems concerned with the record- 
ing of high-speed transient voltages. 

Although analog-to-digital converters are 
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used 
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a number of different applications and new types are 
bel “ing deve lope -d to meet new situations. the de ve lop- 
ment and use of such devices has been hampered by 
the lack of a comprehensive picture of the require- 
ments to be met and the techniques presently used 
to meet them. In an effort to bring widely scattered 
information on this subject together. data have been 
collected on analog-to- digital converters manufac- 
tured by commercial companies and on those now 
being developed by these companies and by Govern- 
ment agencies. 

The survey of strain recorders. recently under- 
taken, has as its object the gathering of technical 
information that will aid in the selection of equip- 
ment for producing autographic stress-strain records 
of tensile tests. The use of recorders for this purpose 
has become standard practice in most materials test- 
ing laboratories. Hlowever, the recorders are sup- 
plied by manufacturers in a variety of forms. and 
there is little in the open literature to guide the user 
in the selection of equipment, There is even less 
information regarding the accuracy of recorders and 
strain gages. The results of this survey will be 
based on laboratory studies at NBS as well as on 
information obtained from other sources. 


Specific Problems 


Laboratory studies of more specific problems in 
instrumentation have resulted in a number of devel- 
opments having broad potentialities for measure- 
ment or control. For example. a method ' was 
developed which uses heavy water to determine the 
total water content of biological tissues. proteins. 
inorganic crystals, and other materials. Based on a 
spec troscopic measure —— of the ratio of ordinary 
to heavy water in a solution containing the sample, 
the isotopic method is outstanding in the rapidity 
and convience with which it can be applied to a large 
number of samples. 

In another project of this kind. research on the 
wave properties of electrons has resulted in the devel- 
opment of an interferometer ~ that utilizes electron 

1 Isotopic method determines water content, VBS 

Technical News Bulletin 36, 145 (October 1952). 

2 EKleetron-beam interferometer, VBS Technical News 

Bulletin 37 101 (July 1953): Electron interferometer by 

L. Marton, Phys. Rev. 85, 1057 (1952). 


Left: Ramberg vacuum 
tube accelerometer, es- 
sentially a double diode 
with = elastically = sup- 
ported plates on either 
side of the common 


cathode. Right: Appa- 
ratus used at NBS for 
low-temperature meas- 


urements of humidity 
by spectrographic means. 
The method utilizes the 
hydrogenexcitationspec- 
trum. The apparatus 
includes a grating spec- 
trograph = (right) = and 
photomultiplier equip- 
ment (left) for recording 
of the spectra. 
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beams to produce interference fringes in much the 
same Way as conve ntional optical inte rferometers use 


light beams. The NBS electron interferometer 
greatly extends the range of light interferometers 


used in the direct measurement of length. The 
instrument also constitutes an extreme ly sensitive 
device for measuring gradients of magnetie and 
electrostatic fields—analogous to refractive indices 
in optical interferometry—and provides a means for 
obtaining additional information on the wave nature 
of the electroa. Other suggested applications of the 
method include studies of “the energy levels in solids 
and an absolute determination of P lane ‘k’s constant. 
Spurious electrical signals, or “noise voltages’ 

present a proble m in many ty pes of instrumentation 
work where cables are subjected to mechanical shock 
and vibration. They interfere with measurements of 
pressure in underwater explosion and air-blast 

research and with the determination of acceleration 
in shock and vibration studies. They also adverse ‘ly 
affect the performances of erystal-ty pe mic rophone Ss. 

hearing aids, and phonograph pie kups and of many 
other high- impedance devices in the fields of com- 
munication, measurement, and control. The mech- 
anism of the noise generation was not generally 
understood and was often assumed to be somehow 
related to piezoelectric or converse electrostrictive 
effects. changes in the electrical constants of the 
cable. or separation of electrical charges by friction. 
Last vear a detailed theoretical! explanation was 
formulated for the generation of the spurious signals, 


and a low-noise instrument cable * was deve lope “dd. 


} Noise-free instrument cable, VBS Technical News 


Bulletin 36, 37 (March 1952). 
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In connection with a program aimed at extending 
the range and accuracy of dynamic mechanical 
measurements. the NBS Office of Basic Instrumenta- 
tion in 1951 developed a miniature piezoelectric 
accelerometer * for direct measurement of high- 
frequency vibrations. The device, which employe “d a 
barium titanate crystal as the compressive element, 
was extremely small but in many ways superior to 
other instruments used to measure mechanical 
vibration and shock. Further investigations of the 
barium titanate accelerometer, largely concerned 
with design characteristics and calibration methods, 
have continued. In the course of this work a model 
has beea developed having exceptionally wide ranges 
of acceleration and frequency response (50.000  g, 
100.000 evcles per second). 

Research and development work on applications 
of pneumatic principles has resulted in a series or 
family of new instruments’ based on gas flow at 
sonic velocity through nozzles. Utilization of these 
principles promises to provide improved instruments 
for the measurement of pressure, temperature, rate 
of flow. humidity, gas composition, mechanical dis- 
placement, and othe ‘r quantities. A humidity meas- 
urement instrument has now been completed. provid- 


ing a background of information that should be of 


value in the development of other instruments using 
the sonic flow principle. 


‘ Miniature piezoelectric accelerometer, \BS = Tech- 
nical News Bulletin 35, 141 (October 1951): A ceramic 
accelerometer of wide frequency range by Lawrence T. 
Fleming, Instruments 24, 105 ( 1951). 

5 A versatile pneumatic instrument based on critical 


flow by W. A. Wildhack Rev. Sci. Instr. 21, 251 (1950). 
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The thermal noise thermometer, an instrument which 
determines temperature from the thermally generated 
electrical disturbance in an electronic circuit. Origi- 
nally conceived and constructed at the University of 
Chicago, the noise thermometer has been redesigned 
by the Bureau in connection with its program in basic 
instrumentation. Amplifiers for the current from the 
temperature-sensitive element are at right. At left are 
a monitoring oscilloscope and an integrating circuit. 


Other investigations of this kind that have been 
undertaken deal with such topics as the thermal noise 
thermometer, an electronic coating thickness gage, a 
carbon dioxide hypsometer, strain and displacement 
instruments, an ultrasonic velocimeter, feedback 
around image scanning systems, a phase sampling 
telemeter, the mutual induc ‘tance transducer, meas- 
urement of humidity by spectroscopic methods and 
microwave techniques, neutron spectrometer evalua- 
tion, and nucleonic instrumentation utilizing memory 
devices. 

The carbon dioxide hypsometer represents an 
attempt to utilize the temperature of subliming solid 
carbon dioxide in equilibrium with its vapor at 
ambient pressure as a measure of pressure in upper 
air research. Several experimental models of this 
device have now been constructed and tested at pres- 
sures corresponding to altitudes up to 105.000 feet. 
The noise thermometer project was designed to eval- 
uate the capabilities of the noise the ‘rmometer, 
originally developed at the University of Chicago, as 
an instrument for measuring temperatures on the 
thermodynamic scale and to investigate the suita- 
bility of the device for other temperature measure- 
ment and control applications. The ultrasonic veloc- 
imeter is expected to provide a simple, accurate 
method for measuring the speed of sound in liquids. 
\ model of the device is now being used by the Navy 
to measure the speed of sound in water at various 
depths. The electronic thickness gage is designed to 
nondestructively measure the thickness of metallic 
coatings which differ from the basis metal in elec- 
trical resistivity or in magnetic properties. The gage 
is capable of working with nonmagnetic me tals in 
applications such as the measurement of the thick- 
ness of silver or brass. The phase sampling telemeter, 
which utilizes a commutator-type sampling device. 
has been proposed as a system that may offer im- 
provements over present telemetering systems for 
certain applications in accuracy, reliability, com- 
plexity. weight and size of components, and power 
requirements. The project on strain and displace- 
ment instruments involves work on high range and 
high temperature types of strain gages as well as the 
design and construction of improved models of the 

Ramberg vacuum tube accelerometer,’ originally 
deve lope <d by NBS in 1946 for acceleration measure- 
ments in aeronautical work. 

The work on image scanning systems is a study of 
the application . two-dime nsional linear and non- 
linear feedback in optical-electronic systems using 
cathode-ray en. Contributions to research may 


6The improved Ramberg vacuum-tube accelerom- 
eter, NBS Technical News Bulletin 34, 180 (December 
1950). 
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result from solutions of nonlinear partial differential 
equations by this technique. Practical results may 
also be derived from its use as an aid in the recogni- 
tion of patterns, such as the matching of finger- 
prints, automatic reading of printed or written 
matter, or possibly in weather prediction from 
synoptic maps. 

An investigation has been conducted to determine 
the characteristics of the mutual inductance micro- 
meter.’ originally developed by NBS in 1947, as a 
transducer for various applications. An_ effort 
has been made to determine the influence of a large 
number of factors on the performance of a mutual- 
inductance transducer so that the optimum design 
for any specific use can readily be chosen. 

In 1950 NBS developed a recording microwave 
refractometer® of high sensitivity that can 
tinuously sample and record the dielectric 
stant of a stream of air or other gas. This instru- 
ment is now being investigated to determine its 
potentialities for use as a humidity standard. In 
another project, the Office of Basic Instrumentation 
is studying the possibility of utilizing the hydrogen 
excitation spectrum for absolute humidity measure- 
ments at low temperatures. 

Because the neutron has no electric charge, the 
measurement of neutron energies is a problem quite 
different from that of electron, proton, or alpha- 
particle energy measurements. Thus far, methods 


con- 
con- 


7Electronic micrometer, NBS Technical News Bulle- 
tin 34, 137 (October 1950). 
8 Recording microwave refractometer, NBS Technical 


News Bulletin 34, 45 (April 1950). 


that have been employed for this purpose have been 
quite varied in principle. The work on neutron 
spectrometer evaluation will involve a summary 
of characteristics of neutron spectrometers now in 
existence and an evaluation of proposed designs for 
new types. The project on nucleonic instrumenta- 
tion will be concerned with the deve lopment of fast 
memory -tube-type pulse-height analyzers for nuclear 
research. It will also attempt to extend the use of 
memory tubes to other types of nuclear instrumenta- 
tion. Another project in this field that is now being 
planned will include the construction and absolute 
calibration of a standard slow-neutron flux free of 
gamma rays and the development of instruments 
and techniques for intercomparison of unknown 
fluxes with this standard flux. 

The proje cts described above, while not a comple te 
listing, are typical and serve to indicate the scope of 
the work carried on by the NBS Office of Basic 
Instrumentation. Continual modification of the 
program and its objectives may be expected as the 
science of instrumentation develops and new in- 
struments and measurement techniques 
available. 


become 


For further information, see Is there a science of in- 
strumentation? by E. U. Condon, Sci. L110 339 (1949): 
Operational aspects of instrument design by Churchill 
Eisenhart, Sci. 110 343 (1949); Instrumentation in 
perspective by W. A. Wildhack, Sci. 112 515 (1950); 
New tools for research by W. A. Wildhack, Sci. 114 
No. 2962 (1951); and A program of research and de- 
velopme nt in basic instrumentation by Frank L. 
Thomas, Monthly oe h Report of the Office of Naval 


Research (, January 1952 


Versatile Photometric Secale 


A goniometer of unusual versatility and precision 
has been devised by T. H. Projector and associates 
of the NBS photome try and colorimetry laboratory 
for use in the Bureau’s photometric studies of air- 
craft and other lighting equipment. Designed for 
use on a 100-foot photometric range, the NBS 
goniometer is constructed for maximum rigidity and 
convenience and in such a way as to minimize errors 
due to backlash and torsion. 

Goniometers used to measure the angular position 
of a light source on general-purpose photometric 
ranges must meet severe re quire ments. Test equip- 
ment may vary in weight over a wide range, and the 
distribution of weight and bulk may be quite va- 
riable. Yet a high degree of accuracy is required. 
The NBS goniometer was specially designed to 
combine accuracy with flexibility in order to accom- 
modate the many types of photometric measure- 
ments made on the Bureau’s 100-foot range and the 
great variety of equipme nt studied. 

Conventional goniometers of this type ordinarily 


have two axes of rotation at right angles. Such 
goniometers may be divided into those having a 


fixed vertical axis and those having a fixed horizontal 
axis. Occasionally goniometers are also constructed 
in which cone angles are measured about one axis 
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and polar angles are measured about the other axis. 
The new NBS goniometer has three possible axes 
of rotation and can be used as any one of the three 
types of goniometers. 

Of the 3 axes of rotation, only 1, which measures 
horizontal angles, is permane ‘ntly fixed. Of the other 
2 axes, both ‘of which may be rotated, | measures 
“horizontal” angles while the other measures “ver- 
tical” angles. In any given set of measurements, 
only 1 of the 2 2 horizontal angle rotations is used, 
the choice being dependent on the desired gonio- 
metric geometry or on the mounting requirements 
of the test equipment. 

The horizontal angle rotations are obtained with 
rotary tables of the type used on machine tools, 
and the vertical angle rotations are obtained by 
means of two U-frames mounted on the lower table 
and supporting the upper table. The lower rotary 
table, 25 inches in diameter, is mounted on a heavy 
welded base and supports an outer U-frame made 
of welded iron channels. The second U-frame. con- 
structed from lengths of iron pipe welded together, 
is mounted within the outer U-frame. This inner 
frame may be rotated about a horizontal axis ex- 
tending through ball bearings set on pedestals at 
the tops of the arms of the outer frame. The upper 
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rotary table, upon which test equipment is usually 
mounted, is set at the bottom of the inner U-frame. 
T-slots in the 15-inch surface plate of this table aid 
in the mounting of equipment. The scales on the 
micrometer drives are graduated at 0.1-degree 
intervals on the upper rotary table. 0.05-degree 
intervals on the lower rotary table, and 0.01-degree 
intervals on the drive for the inner U-frame. 

The handwheel drive for rotation of the inner 
U-frame is linked to the frame by a gear reducer. 
a pinion, and a large sector gear. A pair of fixed 
counterweights is attached to the ends of tubular 
shafts on each arm of the inner U-frame to balance 
the frame about its axis of rotation. In addition. a 
pair of adjustable weights permits balancing of the 
frame with test equipment mounted in place, and a 
constant torque is supplied by a small weight sus- 
pended from a pulley connected to the frame axis. 

To balance the inner frame after the test equip- 
ment has been mounted on the rotary table, the 
frame is disengaged from the drive and then freely 
rotated until the arms are horizontal, in which 
position the balancing weights can be adjusted easily 
and balance determined accurately. With the inner 
frame balanced and the small weight suspended 
from the pulley, the frame is subjected to a constant 
torque of about 4 pound-feet at all settings of the 
“vertical” angle. 


For most photometric work the upper rotary table 
angle measurements. This 


is used for “horizontal” 
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means that the axis of the horizontal angle measure- 
ments rotates as the vertical angle setting is changed. 
However, where it is necessary that the axis of 
horizontal angle measurements remain fixed, the 
lower rotary table is allowed to rotate and the other 
table does not turn on its axis. Rotation of the 
lower table has also been found useful occasionally 
when the equipment mounted for study is too bulky 
to clear the arms of the inner frame. 

For cone angel measurements the inner U-frame is 
rotated into the position where its arms are horizontal 
and the beam from the test equipment Proje cts 
horizontally through the open end of the U-frame 
toward the photome ter. From this position of the 
inner frame, cone angles are set by rotation of the 
inner frame, and polar angles are set by rotation of 
the upper rotary table. 

Backlash and variable torque errors have been 
greatly reduced in the new NBS goniometer by the 
adjustable balancing arrangement and the constant 
torque device. In conventional goniometers, which 
lack balancing arrangements, backlash errors are 
minimized by rotating the goniometer in one direc- 
tion only during a traverse. However, when such a 
goniometer is rotated through a vertical angle, there 
may be considerable variation in the torque loading. 
Under these conditions, even when rotation is in one 
direction only, backlash errors may be large and may 

vary considerably from test to test. 

Although backlash is the most usual source of 
error in “photome tric goniometry, errors due to 
variable torsion may sometimes occur in parts 
subjected to torsional stress. Errors of this type 
have been kept to a minimum in the NBS goniometer 
by rigid welded construction of the inner frame. 

To evaluate the accuracy of the NBS goniometer. 
angular intervals indicated by the goniometer were 
compared with those measured by a ‘transit mounted 
on the upper rotary table in place of a test unit. No 
error greater than 0.03 degree in the measurement 
of angular intervals up to 90 degrees was found with 
either of the rotary tables. Errors in the measurement 
of vertical angles with the inner U-frame drive 
system were found to vary with angular interval 
from a maximum of 0.02 degree in a l-degree traverse 
to a maximum of 0.10 degree in a 90-degree traverse. 


For further technical details, see Versatile goniometer 
for projection photometry, by T. H. Project: wr, [llumi- 
nating Engineering 48, 192 (1953). 


Goniometer designed for use in photometric studies of 
lighting equipment. The fixed axis is that of the lower 
rotary table, attached to the heavy welded base. An 
outer U-frame of welded iron channels is mounted on 
the lower table; an inner U-frame is mounted within 
the outer frame. The inner frame may be rotated 
about a horizontal axis extending through the top of 
the arms of the outer frame. A third axis of rotation 
is provided by the upper rotary table, which is set at 
the bottom of theinner frame. Test equipment is 
usually mounted on the upper rotary table. A hand- 
wheel drive (left) rotates the inner U-frame. Fixed 
and adjustable weights on the arms of the inner U- 
frame permit balancing the frame with test equipment 
mounted in place; a constant torque is supplied by the 
small weight (left) suspended from a pulley. 
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Improved Refractometer 


An improved refractometer for the rapid and pre- 
cise measurement of index of refraction has recently 
been developed at NBS by Oscar H. Grauer of the 
Bureau’s glass laboratory. With the Grauer refrac- 
tometer the index of refraction of specimens of glass 
or some other optical materials can be determined 
with high accuracy in a matter of minutes. Costly 
and time-consuming grinding and polishing oper- 
ations. normally required when indev-of-refraction 
determinations are made with other refractometers 
or spectrometers. are eliminated. 

The instrument consists of a light source. a hori- 
zontal filament. a collimator, a diaphragm. a pair 
of 45-degree—90-degree cemented prisms forming a 
90-degree hollow at the upper half and a parallel 
plate at the lower half, a filar micrometer, and a 
telescope. All the components are centrally alined 
along a common horizontal axis. 


To determine the index of refraction of a piece of 


glass with the Grauer refractometer. the sample is 
simply cut with a 90-degree edge—-no grinding or 
polishing is needed and fitted into the 90-deeree 
hollow of the cemented prism assembly. An immer- 
sion liquid having the approximate refractive index 
of the sample is used as a contact liquid between the 
sample and the prism. The observer sees two images 
of the illuminated filament; the lower half of the 
optical system produces a direct image. and the upper 
half of the system gives an image “that has passed 
through the glass sample and been refracted. Either 
image can be blocked out by the use of the diaphragm. 
The separation of the upper image from the lower 
image is a measure of the index of refraction of the 
sample. and its magnitude can be determined with 
the filar micrometer. Calibration of the micrometer 
in terms of index of refraction is a simple matter. 
Highly accurate readings are much more readily 
obtaine d with the filar micrometer arrangement than 
with the graduated goniometer circle used in other 
refractometers. 

The glass used for the prism assembly corre sponds 
roughly. in index of refraction to the sample being 
meazured: by sabstitution of different prism assem- 
blies different ranges of index can be covered. 
Indices of refraction of most commercial and optical 


glasses lie between 1.50 and 1.70. Each prism 
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Drawing showing the optical system of the Grauer refractometer. 
observer passes through the lower part of the prism assembly and is not refracted. 








The glass sample, cut with a 90-degree angle, fits 


into a prism assembly (center). Looking into the tele- 
scope (left), the observer sees a double image of an 
illuminated filament. (Filament, light source, and 
collimator are at the right.) The separation be- 
tween the two images varies with the index of 
refraction of the glass sample and is accurately meas- 
ured by means of a filar micrometer that is part of 
the telescope. 


assembly can be used satisfactorily over a range of 
about 0.02. so that 10 to 12 sets will cover the 
necessary refractive index range. With homogene- 
ous accurately cut samples and contact liquids 
matching the refractive index of the sample to 0.002. 
an accuracy of + 0.00002 can be obtained. Certified 
immersion liquids are available commercially. 

Because of its combination of speed and precision, 
the refractometer is well suited to production control 
and research, as well as to the general determination 
of refractive constants of transparent substances. 
For instance. the refractometer has been used at the 
Bureau to prov ide a verv sensitive check on the 
uniformity of optical glass being produced ia a 
continuous-melting process. Sample s are taken at 
frequent intervals “and their refractive index rapidly 
measured: deviations from the desired composition 
or from optimum melting conditions are quickly 
detected. In annealing studies, where it is necessary 
to use very small sample s so that equilibrium is 
quickly att: ained, refractive index measurements can 
easily be made to the indicated accuracy. 


LIGHT SOURCE 


HORIZONTAL 
FILAMENT = 


COLLIMATOR 


REFLECTOR 
DIAPHRAGM 


The lower image of the filament seen by the 
The upper image passes through 


the specimen and is refracted by an amount that varies with the index of refraction of the specimen. 
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ibove: Set-up in 10-million-pound testing machine, 
showing calibration procedure for 3-million-pound 
dynamometer. The device is loaded against three 
previously calibrated one-million-pound dynamom- 
eters. Note the electrical indicators on __ tables. 
Left: 3 million-pound dynamometer with protective 
cover removed, revealing some unique features. Note 
parallel- and lateral-bonded wire strain gages mounted 
on column which is flared out at top and bottom to 
provide larger bearing areas. 


7 DEVELOPMENT of load calibrating devices 
of unusual size and capacity by NBS will permit 
the standardization of the large ‘st materials te ‘sting ma- 
chines in existence. The four NBS 3-million- pound- 
capac ity compre ssion dy namometers recently com- 
pleted can accurately measure forces up to 12,000,000 
pounds, or 6,000 tons. Prior to development of these 
dynamometers, which make use of attached wire- 
resistance strain gages as a part of their load-indica- 
ing systems, the highest load which could be accu- 
rately measured was approximately 2,500,000 Ib. 
To do this required the simultaneous use of a consid- 
erable number of calibration devices (such as proving 
rings) of 200,000- and 300,000-Ib capacity. It is 
estimated that a testing machine can now be cali- 
brated to 10,000,000 Ib by means of the new dyna- 
mometers in about one-fourth the time and at about 
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igh Capacity Load Calibrating Devices 
NBS dynamometers for calibrating 


multimillion-pound testing machines 


half the cost formerly required to calibrate it to 
2.500.000 Ib. 

The Bureau has for many years maintained a pro- 
gram to provide means of verifying the accuracy of 
tension and compression testing machines. T hese 
machines, widely used by industrial plants and lab- 
oratories, vary in size from small devices for testing 
small samples of rubber, textiles, plastics, and similar 
materials up to the huge machines capable of crush- 
ing a steel girder or a concrete cylinder several feet in 
diame ‘ter. Typical examples of these machines are 
the 4,000,000-lb machine at the Unive rsity of Califor- 
nia and 5.000.000-lb machines operated ‘by the De- 
partment of the Navy in Philadelphia, Pa., and the 
Bureau of Reclamation at Denver, Colo. NBS 
has long had in its laboratories at Washington, D. C.. 
a mac thine with a capacity of 10,000,000 Tb. believed 
to have the largest capac ity of any testing machine 
in the world. It is important to know that the test 
results obtained with these machines, large or small, 
are correct. 

High-capacity testing machines are both impor- 
tant and necessary to an engineering research pro- 
gram. One reason is that mechanical properties of 
materials as determined from tests of small specimens 
do not always give a complete picture of what may 
be expected from a structure fabricated from large 
rolled sections or forgings. The strength of the ma- 

terial of a large I- beam, for example, may vary across 
its section: and the mechanical prope rties of a large 
forging may vary with direction in the forging, ete. 
It has been the experience of research engineers that 
the soundest approach to the solution of this problem 
is actual application of service loads to full scale spee- 
imens which have been fabricated from the same type 
of materials that would go into the real structure. 
This means that in the case of such structures as 
welded ship hulls and aircraft fuselage and wing com- 
ponents the loads required will be very great. 

Still another reason for emphasis on testing full- 
scale units is the fact that failure. of such structures 
in service is sometimes due not to lack of strength in 
the material but rather to points of high stress. 
These critical stress areas are caused by ‘de ‘signs which 
include sharp angles or notches introduced into the 
structure during “machining or welding. Points of 
high stress may operate in various ways: a compli- 

cated shape we ‘Ided together may shrink as it cools in 

such a way that parts of the structure are stressed 
almost to failure before any external load is applied: 
or a notch cut in an airplane wing hinge may concen- 
trate stresses 2 or 3 times as great as the average com- 


puted stress. It is impossible to reproduce, in a 
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small scale model, the effeets of welding stresses or 
machining notches. 

The structural engineer is thus forced to conduct 
his research on examples of the full structure. Here 
he finds himself in a world of stern re -ality in which he 
must apply loads ranging from a minimum of a few 
hundred thousand pounds up to 5 or LO million 
pounds. 

In order that the results obtained in research of 
this type may be considered reliable and intercom- 
pared with results from different laboratories, it is 
necessary to control the accuracy of the testing 
machines. It isa simple matter to calibrate smaller 
machines by use of proving rings, but the calibration 
of the large ‘+r machines presents definite obstacles. 
Proving rings are made in capacities up to 300,000 
lb; and although it is possible to calibrate above this 
limit by simultaneous loading of several rings (the 
method has been employed up to about 2.600.000 
Ib.), the process is costly and difficult. 

Both government and industry look to the Bureau 
for le ade ‘rship in the field of load calibration. The 


A 200,000-pound-capacity proving ring being calibrated 
by loading against three 100,000-pound rings. Each of 
the smaller rings has been calibrated by dead weights. 


a hd 
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Believed to have the largest capacity in the world, the 
NBS 10-million pound testing machine has provided 
engineering data on full-scale structural units ranging 
from welded steel girders to aircraft components to 
structural building elements. This experimental ar- 
rangement is for the study of the effects of perforation 
(or *‘cut-outs”’) on the strength of a steel of the type 
used in the Calcasieu River at Lake Charles, Louisiana. 


first proving rings were invented by H. L. Whitte- 
more and S. N. Petrenko of the NBS engineering 
mechanics laboratory about thirty years ago, and 
the Bureau has since provided a standardization 
service for load measuring devices for the entire 
country. 

About 1940 the bonded wire strain gage became a 
working reality. The gage consists of a grid of fine 
wire cemented to the surface of a specimen. As the 
material of the specimen becomes strained under 
load the wire is likewise strained, or stretched, thus 
changing its electrical resistance. The change of 
resistance bears a simple relationship to the strain 
in the specimen and can be measured by suitable 
instruments. 

The possibility of utilizing a uniformly stressed 
column with gages attached in such a way as to 
respond to the average strain on the column seemed 
a most promising solution to the problem of measur- 
ing loads of a million pounds or more. [It was known 
that a device we 7 in this fashion could work to a 
much higher load in proportion to its own weight 
than could a sities ring; and, since the output of 
the strain gages would be correlated directly against 
load, no assumption need be made as to the gage 
factor. Accordingly, Dr. Lyman J. Briggs, then 
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Director of the Bureau, instituted a project under 
the direction of B. L. Wilson and D. R. Tate of the 
engineering mechanics laboratory to develop load 
measuring “devices of this type that would permit 
calibration. to capacity of the largest testing ma- 
chines. The objective was to design devices that 
would achieve the stability and accuracy of the 
proving ring, about one-te nth of one percent. 

The NBS program has now reached the point where 
8 devices have been completed and calibrated, 4 with 
a capacity of 1,000,000 lb. each, and 4 with a capacity 
of 3.000.000 pounds each. Together the latter four 
offer a total capacity of 12,000,000 lb., more than 
enough to calibrate to capacity the largest testing 
mac shine i in existence. 

The use of wire strain gage devices for the measure- 
ment of load is by no means new; such devices were 
being produced commercially for weighing and bal- 
ancing airplanes at the time the Bureau started 
deve lopme nt of the compression dynamometer. 
The unique features of the NBS devices are the 
application of the method to measurement of very 
high loads, the procedure used to calibrate the de- 
vices, and .he particular feature of design in which 
the highly stressed column is flared out at top and 
bottom to integral ends having bearing surfaces of 
relatively large area. This design results in rela- 
tively low stresses between the device and the bear- 
ing blocks through which they are loaded by the 
testing machine. Thus accurate and reproducible 
results are obtained. The dynamometers are used 
in conjunction with an electrical indicating instru- 
ment, modified from the ordinary commercial strain 
indicator for strain gages. The electrical instrument is 
used to measure the small shift of balance of a bridge 
circuit composed of elements of resistance wire strain 
gages attached to a highly stressed portion of the de- 
vice. By mounting some of the gages in such a way 
as to measure the compressive strains parallel to the 
load axis of a compression column and other gages 
to measure tension strains caused by the lateral 
expansion of the same column, a bridge having a 
maximum output and good temperature compensa- 
tion can be formed. 

The NBS devices are calibrated by extension of 
the method developed for large proving rings which 
exceed the capacity of the Bureau’s 111,000-lb. 
dead-weight testing machine. In calibration of 
300,000-lb. ring, the ring is first calibrated as far as 
possible by dead weights. It is then set up in a 
testing machine and loaded against three 100,000-Ib. 
proving rings, which have “been previously cali- 
brated to capacity by dead weights. The load 
exerted by the machine is transmitted through the 
300,000-Ib. ring and shared equally by the three 
100,000-lb. rings. All 4 rings are read at once and 
the load is computed from the readings of the 
smaller rings. In this way a calibration may be 
secured to 300,000 Ib. and the errors of the testing 
machine do not affect the result. 

In extension of the process, four large rings are 
calibrated by this method and then used together 
to calibrate a 1,000,000-Ib. wire strain gage dynamom- 
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NBS 1 million-pound dynamometer (and electrical 
indicating instrument) developed for extension of 

} standardization of large testing machines into million- 
pound range. 


eter. Three or four of these. in turn, are used to 
calibrate the 3,.000.000-lb. device. 

Although there are many problems yet to be 
solved in this type of instrumentation, the present 
devices appear to be satisfactory in the work done 
to date at NBS. On the basis of widespread interest 
among materials engineers, it seems likely that 
dynamome ters of the new type will be used to eali- 
brate large testing machines, in government labo- 

ratories, universities, and other research laboratories 
} at a reduced cost and a saving of time. 


For further technical details, see The application of resist- 
ance wire strain gages to high capacity load calibrating 
devices, by D. R. Tate, Symposium on wire strain gages, 
NBS Circular 528 (in press). 





Reclamation of Asbestos 


Simple, effective procedures for reclaiming asbestos cedures that would reclaim the asbestos fibers with- 
from discarded pipe insulation have been developed out the use of excessively high temperatures. 
by E. W. Zimmerman of NBS: —_ Extraneous material It was found that asbestos or asbestos-cotton 
is removed from the asbestos cloth by chemical treat- fabrics other than those containing paint can be 
ment, and the cleaned cloth is reduced to fiber form freed of adhering cement by first treating with 5- 
in a paper-pulp beater. The recovered asbestos is percent hydroe hloric acid and then rinsing. Fabrics 
unchanged chemically, with little or no shortening painted on one side are treated with alkali instead of 
of the fibers. It appears well suited to further use acid to remove the paint as well as the cement. 


| as electrical and heat insulation. for making asbestos This is accomplished by boiling in 5-percent sodium 
’ paper, and as a filler in molder plastic compounds. hydroxide solution for 15 to 30 minutes. followed by 
Because of its incombustibility. strength, and low a preliminary rinising. a warm wash with a synthetic 
' conductivity. asbestos is widely used in roofing detergent to remove the paint pigment, and a final 


shingles. fire ‘proof paints, stove and building insula- 


thorough rinsing. 
tion, heat-resistant aprons and _ gloves. and brake 


Removal of cotton from the cleaned cloth is best 


; linings. However, present supplies of this raw ma- effected by the use of heat, but the process requires 
. terial are critically short. As large quantities of — rather careful control to avoid loss of the water of 
| molded asbestos and asbestos cloth are used to insu- constitution and consequent embrittlement. Thin 
. late pipes of various kinds in naval vessels, the Navy lavers of the material are heated in a muffle furnace 
i Bureau of Ships requested NBS to study the possi- at a temperature between 400° and 450° C. The 
bilities of reclaiming asbestos insulation discarded time necessary to burn out the cotton in this tem- 
f during the repair or refitting of ships. perature range depends largely on the equipment 
" To aid the Bureau in its inve stigation the Navy used. After removal of cement. paint. and dirt. the 
. supplied samples of discarded pipe insulation. cloth is reduced to fiber in a rotary food blender or 
a These were of three general types: asbestos cloth. in a paper pulp beater. 
6 asbestos-cotton cloth, and a molded pipe lagging The fabric containing glass strands was composed 
a having asbestos fiber as a filler and magnesia cement of very short asbestos fibers. Although an acid 
" as a binder. Some of the asbestos-cotton cloth bad wash followed by rinsing removes most of the cement 
:. glass strands woven into the yarns. Other samples from this material. removal of the dirt is difficult 
a of this cloth were painted or were covered with a without loss of some of the short asbestos fibers. 
e cement-like material containing magnesia. The which float off with the dirt. The recovered produet 
e problem thus reduced itself to two parts: first. re- contains glass fibers intermixed with the short ashes- 
tr moval of the extraneous material and, second. reduc- tos fibers and thus will probably be of limited use. 
3 tion of the cleaned yarns or cloth to fibrous form. The molded insulation vielded only 15 percent of 
e Kor applications where flexibility is desired, such fiber, and this was highly contaminated with foreign 
1g as asbestos paper or cloth, chrysotile asbestos is used. materials. Thus. reeovery of asbestos from = such 
Although this type of asbestos is quite satisfactory material does not seem very practicable. In any 
re for insulating heated pipes, it loses its water of con- case. use of the fibers recovered from the molded 
er stitution and becomes brittle when heated to about insulation would have to be limited to magnesia- 
n- 800° CC. Tt was therefore necessary to develop pro- cement components aad similar products. 
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A highly sensitive micromanometer. designed to 
measure differential pressures as low as 0.03 micron of 
mercury (0.00003mm of Hg or 1.6 * 10~° inch of water) 
with resolutions of the orde r of 0.001 micron of Hg, 
has recently been developed by T. A. Perls, W. H. 
Kaechele, and D. S. Goalwin. The deve lopment is 
the result of a research program conducted by the 
Bureau’s Office of Basic Instrumentation and spon- 
sored jointly by the Office of Naval Research, the 
Air Research and Deve lopment Command, and the 
Atomic Energy Commission. The NBS micro- 
manometer utilizes a thin diaphragm combined with 
a capacitance-type pick-up and a_resonant-bridge 
carrier system to detect pressure differentials 100 to 
1,000 times smaller than those detected by previous 
systems. Besides measuring static differe ‘ntial pres- 
sures, the micromanometer can sense with an ac- 
curacy of better than 2 percent pressures varying at 
rates up to 20 eveles per sec ‘ond. 

A major limitation in the field of basic instrumenta- 
tion has been the difficulty of sensing very small 
displacements accurately. This problem arises, for 
example, in various instruments that utilize ‘die 
phragms as a means for converting small changes 
in pressure to mechanical displacements. For 
instance, the extreme sensitivity of a thin metal 
diaphragm separating two pressure-tight cavities 
can be utilized as an accurate temperature control. 
Here minute changes in temperature cause a pressure 
differential between the two cavities. which. in turn, 
makes the diaphragm deflect. Another class of 
utility is in the measurement of dynamic pressure 

“& 
Block diagram of resonant-bridge carrier system. 
capacitance bridge composed of three other capacitors. 


HIGH-RESOLUTION MICROMANOMETER 


changes as experienced in blasts and underwater 
explosions. One technique’ currently employed 
utilizes a relatively thick, small-diameter diaphragm 
and results in high accuracy by means of the sensi- 
tivity of a resonant-bridge carrier sy stem, a system 
similar to the one used in : the NBS micromanometer. 
The micromanometer developed by the Bureau 
consists of a 3-inch diameter corrugated diaphragm 
made of brass sheet 0.001 inch thie k and mounted in 
a shallow cylindrical cavity. The diaphragm is 
placed so as to divide the cavity into two pressure- 
tight chambers. An_ insulated electrode passes 
through the top of the c y linder to become one side of 
a variable capacitor; the flexible diaphragm forms 
the other side of the capacitor, which then has a 
nominal capacitance of + 20 micromicrofarads. 
Changes in either temperature or pressure within one 
of the cavities will cause the diaphragm to flex and 


move. This motion varies the electrode-diaphragm 
spacing: and, consequently, the capacitance of the 


system is changed by a small amount. Over the 
mechanical operating range used the displacement of 
the diaphragm varies direc tly as the pressure differ- 
ential, and the changes in capacitance also vary 
linearly with the displ acement of the diaphragm. 
The electronics portion of the NBS micromanometer 
has sufficie nt range of sensitivity to respond, with an 
accuracy of 2 percent, to full-scale ‘hanges between 
0.005 and 0.2 micromicrofarad above and below the 


A. Perls, 
Viodel Basin 


1A new condenser-type pressure gage by T. 
Report No. 625, The David W. Taylor 
(June 1949). 


The NBS micromanometer forms the fourth arm of a resonant 
The driving power for the bridge is a 500-ke crystal oscilla- 


tor, and the frequency response of the electronic system is flat within + 1.5 percent from 0 to 50 ke. 
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20-micromicrofarad capacitance of the system. 

The electrode-diaphragm-cavity section of the 
NBS micromanometer forms the fourth arm of a 
resonant capacitance bridge composed of three other 
capacitors, each of which has a low multimegohm 
resistance in parallel with it. The parallel resist- 
ances tend to make negligible changes in leakage 
resistance of the capac itors. The driving power for 
the resonant capacitance bridge is de rived from a 
500-kilocycle crystal ose illator: : a frequency response 
flat within £1.5 percent from 0 to 50 ke is one of the 
useful characteristics of the carrier circuit. A small 
difference in pressure between the two cavities in 
the micromanometer, which causes a deflection of the 
diaphragm and thus a change in the capacitance of 
the system, upsets the balance ‘e of the resonant 
capacitance bridge. The 500-ke output from the 
bridge varies in amplitude according to the magni- 
tude, of the pressure change and in phase (zero or 
180 deg), de “pe nding on the dire ction of the deflection. 
The signal- modulated carrier from the bridge is 
amplified and then mixed with the unmodulated 
carrier from the 500-ke driving oscillator in a special 
mixer, phase discriminator, and dual demodulator 
stage. The two signals add or subtract according to 
the direction of the ‘original diaphragm displacement. 

The output of the mixer is a re plic a of the capaci- 
tance change in the resonant capacitance bridge and, 
conseque ntly, a measure of the differential pressure. 
The unwanted 500- and 1,000-ke harmonies in the 
output are filtered, and the resulting low-frequency 
or d-c potential is applied through a d-c amplifier 
directly to the plates of a cathode-ray oscilloscope 
or to any other suitable indicating or recording 
device. The response of the system-—-both mechani- 
cal and electrical—over the pressure range used is 
sufficiently linear to require the calibration of pres- 
sure differential versus voltage output only at “zero” 
and one other point within .the operating range, 
usually chosen near “full seale.” The resulting 
readings can be made with an accuracy of 2 percent. 

T he : extremely low pressure differe ‘ntials that ean 
be measured with the NBS micromanometer created 
the problem of obtaining a device sensitive enough 
to calibrate the instrument. The calibrating device 
that appeared to offer the most advantages was the 
Ascot-Casella micromanometer.? an instrument that 
uses a torsion balance to measure the difference of 
pressure-area products in two bells floating on kero- 
sene. An important characteristic of this instru- 
ment is that an increase in volume or temperature 
introduced into the system connected to one of the 
bells causes it to move upward. Simultaneously 
the bell on the other side of the balance is ory red 
with a resulting reduction in volume under it and 
an increase in pressure in the system uated to 
it. The difference in pressure between the two bells 
both pressures having increased —-is smaller, by a 
large factor, than the pressure differential that would 
have resulted had the system been rigid. In the 


> Ascot-Casella micromanometer by HL. R. Hindley, 
J. Sci. Inst. 24, 295 (1947). 
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Cut away drawing of pressure probe for NBS diaphragm- 
type, capacitance-type micromanometer. A corrugated 
diaphragm, 3 inches in diameter and 0.001 inch thick, 
forms the common wall between two pressure cham- 
bers. An insulated electrode passes through the top of 
the micromanometer to become one side of a variable 
capacitor. The flexible diaphragm forms the other side. 


system used in calibration of the NBS micromanom- 
eter. the above factor was found to be 13.200. 
During the calibration the NBS micromanometer 
is placed in the measuring system of the Ascot- 
Casella micromanometer so as to be affected by the 
same pressure changes. The contribution of the 
“live” volume of the cavity of the NBS micromanom- 
eter was measured and found to be about 1 percent 
of the total effect. A hypodermic syringe is used to 
inject air into the system and thereby to cause an 
unbalance. The resulting differe ntial pressure is 
read simultaneously with both the Ascot-Casella and 
NBS micromanometers and provides the required 
calibration data. For pressures below 1.5 micron of 
Hg the precision of a single reading on the Ascot- 
Casella micromanometer is not sufficient for an 
accurate calibration. Therefore. the calibration of 
oscilloscope deflection versus pressure differential 
must be interpolated from previous data (for pres- 
sures between 0 and 1.5 u of Hg) of changes in 
pressure produced by changes in ce introduced 
by the syringe. [t is thus possible to calibrate the 
NBS micromanometer over a pressure range of from 
0 to 0.07 uw of Ile. The mean deviation of the 
calibration points from a straight line was of the order 
of 0.001 uw of Ig. the same order of magnitude as that 
of the error in reading the change in volume produced 
by the syringe. The curve also indicated that the 
hyste resis of the system -the difference in readings 
for equal values of increasing and decreasing pres- 
sures -is smaller than or approximately equal to the 
resolution of the NBS micromanometer (0.001 u Hg). 
\  micromanometer using a capacitance-type 
pie kup and resonant-bridge carrier system de ‘pe ‘nds 
for its high resolution on the area and thinness of the 
diaphragm and on the sensitivity of the electronic 
circuit. Defleetions of the order of one millionth of 
an inch (full seale) and capacitance changes of 0.005 
micromicrofarad are involved. In resolution and 
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sensitivity the NBS micromanometer shows a decided 
improvement over other devices also designed to 
measure static and semistatic differential pressures 
with the aid of diaphragms. Some prior develop- 
ments in this field include micromanometers that use 
an unbonded-wire strain gage * or a mutual induct- 
ance pickup’ to detect the displacements of the 
diaphragm. The best resolution that has been 
obtained with these systems is about 0.1 u of Hg. 
Although designed to measure differential pres- 
sures, the NBS micromanometer can be modified to 
measure absolute pressures below | » in apparatus 
where the presence of mercury, oil, or other liquid is 
undesirable. This may be accomplishe d either by 
maintenance of a high vacuum on one side of the 
diaphragm or by the sealing of one side at a high- 
vacuum level. The micromanometer should then be 
particularly useful for calibration of ionization gages. 
The characteristics of the instrument are such that it 
could possibly be used also as a secondary standard 
of low pressure in the range from 0.001 to 1 u of Hg. 


For further technical information about the resonant- 
bridge carrier system, see L.. S. Patent 2611021, Resonant 
bridge circuits: and Measuring minute capacitance 
changes by G. W. Cook, Electronics 26, 105 (January 
1953). 


3A highly sensitive differential manometer, VBS 
Tec thnical News Bulletin 32, 11, 132 (November 1948). 

4 Diaphragm-type micromanometer with electronic 
pickup, NBS Technical News Bulletion 34, 10, 137 
(October 1950). 


Flowmeter Correction 


In the February 1953 issue of the Technical News 
Bulletin, there appeared a description of an electronic 
flowmeter. It has since been learned that a flow- 
meter was described in 1950 by Hess, Swengel, and 
Waldorf, which used the same system of switching 
re -versible transducers-to obtain a measure of flow: 

“Ultrasonic Method for Measuring Water Velocity.” 
W. B. Hess, R. C. Swengel, S. .. Waldorf. ATEE 
Miscellaneous Paper 50-214, October, 1950. 

Other references which should have been included 
are the following: (1) “Electromagnetic Flowmeter.” 
A Kolin, U. S. Patent 2.149.847 (1939); (2) “Prelim- 
inary Re pport on Temperature Measureme . by Sonic 
Means.” Earl W. Barrett and Verner E. Suomi, 
Journal of Meteorology, August 1949, p. 273: (3) 
Oskar Rutten, German Patent 520.484, November 
1928: (4) J. W. Gray, U.S. Patent 2,534,712, Decem- 
ber 19, 1950, filed November 30, 1945: and (5) B. O. 
Stroule, British Patent Specification 623,033, May 
11, 1943. 

[t is regretted that these references were not known 
at the time the Technical News Bulletin article was 
prepared, and that this article gave the erroneous 
impression that all features of the development were 
new. The features that appear to be novel are (1) 
rapid switching, (2) synchronized rectifications, and 
(3) the use of transducers mounted externally. 


Lightning Resistance of Porcelain Insulators 


Integrated with the electrical standards program 
of NBS ts an investigation of tec hniques for determi- 
nation of the pe +rformanc ‘e of electrical equipme nt 
under extreme conditions. One phase of the investi- 
gation, dealing with the action of pin-type porcelain 
distribution insulators during high-intensity electri- 
cal storms. has resulted in the development of 
method for measurement of the ability of these insu- 
lators to withstand lightning strokes. The method 
involves the generation of voltages similar in wave- 
form to those appearing on lightning-struck power 
lines and the discharge of these pote ntials across an 
insulator at rates up to 11 million volts per micro- 
second. The study. sponsored by the Rural Electri- 
fication Administration. was conducted by J. HL. 
Park and H. N. Cones of the NBS staff. — 

In some rural areas it is not economically feasible 
to protect the high-voltage distribution lines against 
direct strokes of lightning. In most cases a lightning 
stroke flashes over the insulators: ard after the mo- 
mentary ground has been cleared. the line operates 
normally. Occasionally. however. an insulator. is 
punctured during a lightning storm and shatters. 
In other instances, after being struck by lightning. 
the insulator has all outward appearances of intact- 
ness but actually has been punctured through the 
porcelain from a point under the 
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tie wire or line con- 


ductor to the supporting pin. During a dry period 
the insulator performs its designated function; but 
during a rain storm the water creates an electrical 
path over the surface of the wooden crossarm on 
which the insulator is mounted, and the punctured 
insulator is unable to prevent a ground. 

Field experience has indic ated that most of the 
failures occur on certain insulator designs that have 
previously pe ‘rformed favorably under “the standard 
laboratory investigating me stthods currently in use. 
One imsulator manufac ‘turer.' however, has been 
using a measurement technique that consists in sub- 
jecting the insulator to a very steeply rising voltage 
surge (rates of rise from 3, 000 to 10.000 kilovolts per 
microsecond). When exposed to the voltage surges, 
the insulators that will not’ withstand lightning 
strokes puncture and shatter. Because the methods 
for producing and measuring such steep-front voltage 
surges have not been standardized, NBS has been 
requested to make an investigation that would ulti- 
mately lead to the adoption of some standard tech- 
nique, 

The experimental program conducted by the 


The Ohio Brass Company independently employs 
techniques similar to those designed by NBS to evaluate 
the performance of its insulator products. 


Comparable 
results have also been obtained. 
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Bureau was carried out in two phases: (1) a suitable 
measurements method or procedure was designed. 
and (2) the method was applied to various types of 
new insulators so that a comparison between the 
NBS procedure and other existing techniques could 
be made. The voltages required to simulate the 
effects of lightning strokes were obtained from a surge 
generator consisting of twenty 15-microfarad capac I- 
tor units, each rated at 100 kilovolts. The major 
objective was to obtain a voltage wave rising ab- 
ruptly from zero at a very high and constant rate 
until insulator flashover occurred. ‘The ar rangement 
chosen was a parallel circuit with 10 series-connected 
capacitors forming each arm. With this technique 
it is possible to obtain a high rate of voltage rise 
and maintain a maximum voltage output of 1,000 
kilovolts by reduction of the effective internal 
impedance of the generator. A 10.000-ohm resistor 
connected to ground and in parallel with the capaci- 
tor bank serves to keep the external discharge circuit 
at a fairly low voltage until the current at the gaps 
of the capacitors has increased to several amperes. 
An external resistance of 70 ohms is connected be- 
tween the top of the generator (20 feet above the 
floor) and an output discharge gap. The other side 
of the gap joins a voltage divider. used to measure 
the applied potential. and the insulator to be in- 
vestigated. When the current in the capacitor bank 
rises to a sufficiently high value. the air in the gap 


breaks down and the steeply rising voltage is ap 
plied across the insulator and the divider. The 
average rate of voltage rise on the front of these 
waves is 7.000 kilovolts per microsecond, but by 
shortiag out of the internal resistaace of the generator 
and by re moving the external resistance, rates of 
voltage rise up to 11,000 kilovolts per microsecond 
have beea obtained. 

During the preliminary investigations no pune- 
tures were obtamed on the first application of a surge 
voltage to an insulator, even when the steepest rates 
of voltage rise were used. However, several in- 
sulators punctured after repeated applications, some 
with rates of voltage rise as low as 3.000 kilovolts 
per microsecond. Consequently. in the method 
finally selected eight equal voltage surges are applied 
at 20-second inte rrvals to each insulator. 

Further studies of measurement techniques and 
procedures utilizing steep-front voltage waves are 
now ia progress at the Bureau. Before standards 
can be adopted by the industry. however. the various 
laboratories of the country must agree on experi- 
mental procedures for generation and measurement 
of the necessary voltage surges. 


For further technical details, see Puncture tests on 
porcelain distribution insulators using  steep-front 
voltage surges, by J. H. Park and H. \N. Cones, AIEEE 
Technical Paper 53-257 (April 1953). This article is 
scheduled to appear in the August (1953) issue of Power 
{pparatus and Systems (AIEE) 


Left: Surge generator (left) voltage dividing network (right) used by the Bureau to determine the ability of a porce- 
lain distribution insulator to withstand lightning strokes. Right: Voltages are discharged across a gap (upper 
right) at a high rate (11 million volts per microsee ond) and are applied simultaneously to the insulator (left) and 
a voltage divider (right), to which the measuring circuit is connected. 
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